In utero, fetal lung epithelial cells actively secrete chloride (Cl − ) ions into the lung airspaces. Cl − ions enter the basolateral membranes through Na
− (NKCC) transporters (1), down an electrochemical gradient generated by the basolateral Na + / K + /ATPase, and exit through apical anion channels, including the cAMP-activated cystic fibrosis transmembrane regulator (CFTR) (2) . Na + ions follow passively through the paracellular junctions to preserve electroneutrality. The vectorial transport of NaCl generates an oncotic pressure, which drives fetal fluid secretion into the airway lumen. Shortly before birth, Cl − secretion diminishes and active Na + transport begins: Na + ions enter lung epithelial cells through amiloride-sensitive Na + channels (ENaC) and are extruded across the basolateral membranes by the Na + /K + /ATPase (3, 4) . This process is critical for the reabsorption of fetal lung fluid and the establishment of gas exchange. In the adult lung active Na + reabsorption limits the degree of alveolar edema in hyperoxic lung injury (5) and in patients with acute respiratory distress syndrome (6, 7) .
In PNAS, Solymosi et al. (8) show that an acute increase of left atrial pressure in isolated perfused rat lungs decreases amiloridesensitive Na + reabsorption across alveolar epithelial cells and stimulates Na + and Cl − uptake through the basolateral NKCC transporter. Decreased Na + entry through ENaC in epithelial cells also resulted in hyperpolarization of their apical membranes, providing the driving force for Cl − secretion and fluid accumulation in the alveolar spaces. Previous studies (9, 10) documented that an acute increase of pulmonary or left atrial pressures decreased active Na + reabsorption across the alveolar epithelium, which contributed to pulmonary edema. Thus, the study by Solymosi et al. (8) offers fresh insight into the mechanism of edema formation following an acute increase of left atrial pressure. In contrast to the fetal fluid, which is essential to lung development, accumulation of alveolar fluid in the adult lung compromises gas exchange. Solymosi et al. propose that the beneficial effects of furosemide (a NKCC blocker) administration in patients with congestive heart failure, secondary to an increase of left atrial pressure may be, at least in part, because of the inhibition of Cl − secretion across the alveolar epithelium.
There has been considerable interest in identifying the mechanisms by which Cl − crosses adult alveolar epithelial cells. It was thought that Cl − moved passively from the alveolar into the interstitial space through the paracellular junctions to preserve electroneutrality. However, Wolk et al. (11) showed that alveolar instillation of a CFTR inhibitor decreased alveolar fluid clearance (AFC) by about 20%, suggesting the presence of transcellular Cl − movement through the CFTR. Solymosi et al. (8) also report that inhibitors of the CFTR decreased AFC by 25-30%. Previously, Fang et al. (12) showed that ΔF508 mice, the most common CFTR mutation, had normal levels of Na + -dependent AFC, but in contrast to wild-type mice, did not increase their AFC following instillation of β-agonists or forskolin. Cl − exits alveolar epithelial cells either through the NKCC transporter or through other nonidentified pathways (Fig. 1) .
Chloride secretion has been demonstrated in vivo, in air-filled (13) and fluid-filled lungs, in the presence of a Cl − secretory gradient and cAMP activation (14) . Influenzainfected mice developed decreased Na + reabsorption and increased Cl − secretion across their alveolar epithelium in vivo (11) . Cl − secretion has also been shown in confluent monolayers of rat and human alveolar epithelial type II (ATII) cells in the presence of amiloride (to block ENaC) and forskolin (to activate the CFTR) (15, 16) . Finally, studies of small airways using a miniature Ussing chamber system showed a switch from Cl − absorption to secretion through CFTR when Na + transport was inhibited by amiloride (17) . Thus, there is clear evidence for the transcellular absorption of Cl − across adult alveolar epithelial cells through the CFTR and other anion channels under baseline conditions. In addition, when Na + transport is compromised and a favorable Cl − gradient is established, Cl − secretion may occur. In PNAS, Solymosi et al. (8) . (Fig. 1) propose that an acute increase of left atrial pressure activates endothelial nitric oxide (NO) synthase, resulting in increased levels of NO, which inhibits ENaC activity via cGMPdependent mechanisms. Decreased influx of Na + ions across alveolar epithelial cells resulted in hyperpolarization of their apical cell membranes (18) Author contributions: J.D.L. and S.M. wrote the paper.
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Cl − secretion through apical CFTR. Previously, NO has been shown to decrease ENaC single channel activity in rat ATII cells (19) and vectorial Na + transport across confluent monolayers of rat ATII cells (20) ) mice did not develop pulmonary edema when subjected to increased left atrial pressure. Furthermore, aerosolized furosemide prevented the increase in wet/dry weight ratios (an index of pulmonary edema) in rats with an acute occlusion of the left descending coronary artery. One may then wonder if these results can be extrapolated in patients with congestive heart failure and noncardiogenic edema. Patients with cardiogenic edema have higher levels of nitrate and nitrite (the by-products of NO) in their alveolar edema fluid and plasma (23) . Approximately two-thirds of patients with severe hydrostatic pulmonary edema exhibit impaired AFC (24) . However, mice with chronic heart failure had normal levels of alveolar fluid clearance and basal levels of NO (10) . It is possible that in mice with congestive heart failure, decreased endothelial NO synthase activity and NO levels may be an important compensatory mechanism, limiting the extent of lung edema formation. Thus, the study by Solymosi et al. (8) clearly enhances our understanding of the mechanisms leading to the formation of pulmonary edema following an acute increase in left atria pressure and elucidates an important unique mechanism for the therapeutic potential of furosemide.
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